In order to investigate the combining ability, gene action and heterosis morphological, yield and its components traits in wheat F 1 crosses using line x tester analysis. Experiment was conducted with sixty three genotypes consisting of fifteen lines,
INTRODUCTION
Bread wheat (Triticumaestivum L.) is a chief food crop in the world. In Egypt, wheat used as a steady food grain for urban, rural and bedewing societies and as a main source of straw for animal nourishing. There is requirement to have knowledge about the nature of gene action complicated in the appearance of carefully significant quantitative as well as qualitative traits and also concerning the nature of combining ability of obtainable parents to be rummage-sale in the hybridization programme to improve yield potential of wheat (Hassan et al. (2007) . In order to develop the genetically greater high yielding cultivars, identification of greater parents is an important pre-requisite, Prasad (2014) . Chaudhry et al. (1992) exposed that both general and specific combining ability were involved for yield and its attributes. For effective improvement in yield of wheat, one can use combining ability analysis to examination the performance of designated parents in dissimilar cross combinations and can describe the nature and magnitude of gene properties in the expression of various yield donating characters.
Hybrid vigor is the phenomenon depending on the equilibrium of additive, dominance and their interrelating characters as well as delivery of genes in parental lines and distinct the advantage of the hybrid over the mid-parent (heterosis) and better parent (heterobeltiosis) (Allard, 1960) . Such information will lead to isolation of potential cross combinations and the selection of superior parental lines for the use in plant breeding programs. by crossing good general combining lines for grain yield and selecting transgressive sergeants from resulting hybrids Breeders could develop of productive wheat varieties, Abdel Nour et al. (2011) . In order to keep the above in view, the present line × tester analysis was planned to estimation general and specific combining ability effects to identify better parents as well as superior cross combinations for further improvement in wheat.
MATERIALS AND METHODS
Study was assigned out at El-Gemmeiza Res. Station, ARC, Egypt during 2014/15and 2015/16 seasons, Egypt. In 2014/15 season, line x tester mating design was performed through 15 genotypes (lines) plus to three testers to produce the hybrid seeds of 45 crosses. Parents of the beforementioned genotypes are listed in Table 1 . In 2015/16, the 18 parents along with the 45 F 1 'S were grown in RCBD with three replications. Each genotype was sown in 2 rows of 3m length with 30 cm wide and plants within row were 10 cm apart.. The recommended cultural practices were followed to raise a good crop, stand all. The recommended cultural practices were applied at the proper time. Data were recorded on a sample of ten plants for apiece replication in each genotype for Number of days to heading, days to 50% flowering on plant height (cm), no. of spikes per plant, no. of grains per spike, 1000 grain weight and grain yield per plant. However, number of days to 75% heading and days to maturity were logged per plot basis. The data for each trait depicting significant difference were further analyzed for line x tester according to Singh and Chaudhry (1979) . 
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Mean performance of genotypes
The mean concert of parents (lines and testers) and their crosses are presented in Tables (3 and 4) . A wide range of performance among the parental cultivars was shown. Also, significant differences were detected among the F 1 hybrids for all characters. The parental lines L 9 , L 10 and L 11 gave the lowest values (earliest) of days to heading and maturity, while the parents L 3 and L 6 were the latest. For plant height the parents L 7 and L 9 gave the highest values, while the parental lines L 1 and L 6 gave the lowest values. On the other hand the parental T 3 was the earliest tester also, it had the shortest plants. The parental L 1 , L 5 and L 13 gave the highest mean values for spike length; meanwhile the parental T 1 gave the highest mean value for this trait. The mean recital values of the F 1 crosses for all the studied traits are presented in Table ( 3). The two crosses T 2 x L 10 and T 3 x L 10 were the earliest flowering date. As the regard to plant height, three of the F 1 crossesT 1 X L 7 , T 2 X L 7 and T 3 X L 7 were taller than their parental means. Four crosses had the highest values for the No. of spikes/plant, namely; T 2 X L 11 , T 3 X L 11, T 1 X L 12, and T 2 X L 12 . Four crosses had higher No. of grains/spike, 89. 00, 89.30, 91.53 and 91.73, namely; T 2 X L 7 , T 3 X L 11, T 3 X L 12, and T 1 X L 12 , respectively. Similar findings are in line with conclusions of Saeed et al. (2001) .
Eight crosses were superior in 1000 grain weight, the heaviest cross T 2 X L 5 (55.68 g) while, the lowest weight was found in T 3 X L 3 (40.32 g). Concerning the grain yield/plant, ten crosses were higher in the grain yield/plant; the crosses were higher in the grain yield/plant, where the heaviest crosses, 71.98, 70.68, 79.27 and 73.43 g/plant, namely; T 2 X L 11, T 3 X L 11 , T 1 X L 12 and T 2 X L 12 respectively. While, the lowest weight was found in cross T 2 X L 14 (32.32 g). These results were coincident with these obtained by Khalifa et al. (1998) , Abd El-Aty and Katta (2002), Nour et al. (2011) , Kumar et al. (2015) , Rajput and Kandalkar et al. (2018) . 
Effects of general combining ability (GCA (ĝi)).
General combining ability estimation of for parents (lines and testers) are presented in Table (5) . The recorded results showed that five parental lines; L 5 , L 7 , L 9 , L 10 and L 14 showed significant negative (ĝi) effects (desirable) for number of days to heading and maturity earliness in maturity is essentially a prerequisite in breeding program of a crop.
Regarding to plant height, tall plants are preferred for straw purpose while dwarf plants are more lodging resistant thus preference depends upon the breeding objective.
Therefore, the parental lines L2, L6, L10, L12 and L13 can be defined as good general combiner for dwarfness as they showed highly significant negative GCA (ĝi), while the parental lines, L7, L9 and L15 considered as good general combiner for tallness as they showed highly significant positive (ĝi) effects. The number of spikes/plants, the parental lines L6, L11 and L12 showed highly significant positive (ĝi) effects. On the other hand four parental lines L4, L9 and L10 and L14 exhibited highly significant negative (undesirable) (ĝi) effects. With respect to No. of grains/spike six parental lines; L3, L4, L7, L11, L12 and L14 showed highly significant positive GCA effects, these parents defined as decent combiner for this trait of No. of grains/spike is an important yield contributing trait.
For 1000 grains weight, four the parental lines; L2, L5, L7 and L9 showed highly significant positive (ĝi) effects.1000 grain weight is an important indirect selection criterion for the selection of grain yield, thus significant positive GCA values considered as good general combining ability effects.
Regarding grain yield/plant; four parental lines L3, L7, L11 and L12 exhibited highly significant positive (ĝi) effects.These results are in agreement with the earlier studies carried out by Abd El-Aty and Katta (2002) Kumar et al (2015) and Tabassum and parasad (2017) .
Specific combining ability
The results of SCA effects (Sij) of single crosses for all the studied traits are presented in Table (6) .
Four crosses, T 1 x L 1 , T 2 x L 2 , T 3 x L 6 and T 1 x L 11 showed significant negative (desirable) Sijeffectsfor days to heading and days to maturity, which indicated that one or more of these combinations could be helpful for selecting early maturity wheat lines.
For plant height, only the cross T 3 x L 13 showed significant positive Sij effects (tall plant), it could be a good combiner for straw production.
For No.of spikes/plant, five out of forty five crosses; T 2 x L 3 , T 3 x L 5 , T 2 x L 11 , T 1 x L 13 and T 3 x L 14 showed significant positive (desirable) SCA (Sij). These crosses can be used for increasing No. of tillers/plant.
Regarding No.of grains/spike, two crosses; T 2 x L 2 and T 3 x L 11 exhibited significant positive Sij effects.
1000-grain weight, six crosses out of forty-five crosses namely; T1 x L3, T1 x L8, T3 x L10, T3 x L12, T1 x L13 and T2 x L15 showed significant positive Sijeffectsand they considered as good specific combiner for 1000 grain weight.
For grain yield/plant, fifteen crosses out of forty-five crosses exhibited highly significant positive Sij effects (desirable), they consider the best combiner for this trait.
Heterosis
The percentage of increase or decrease of wheat hybrids over mid parent and better parent for all studied traits are shown in Table (7) .
It could be noticed that positive heterosis considered as desirable for all the studied traits, except for earliness days to heading and days to maturity.
For days to heading, nine crosses out of forty five crosses showed significant and highly significant negative heterosis relative to mid parent which ranged from -4.46% for T2 x L7 to -2.36% for T2 x L15. Twenty seven crosses showed highly significant negative heterosis relative to better parent, which ranged from -11.07% for T1 x L10 to -2.19% for T3 x L11.
Concerning days to maturity, none of the crosses exhibited significant negative heterotic relative to mid parent, meanwhile eight crosses exhibited highly significant negative heterosis relative to better parents, which ranged from -4.94% for T 1 x L 9 to -2.36% for T 1 x L 2. The negative estimates of heterosis for No. of days to heading and maturity may be favorable traits for wheat breeding.
Concerning to plant height, five crosses expressed significant positive heterotic effects relative to mid parent.
However, three crosses gave significant positive heterotic effects relative to mid parent, and ranged from -6.33% for T 2 x L 10 to -4.21% for T 1 x L 13 . On the other hand, two crosses out of forty five crosses showed highly significant positive heterosis relative to mid parent.
For No. of spikes/plant, nineteen crosses out of forty-five crosses had significant positive heterosis relative to mid parent and ranged from 5.26% for T 2 x L 8 to 78.72% for T 2 x L 11 , meanwhile fifteen crosses expressed highly significant positive heterosis relative to better parent and ranged from 4.33% for T 2 x L 8 to 56.51% for T 2 x L 11 . Regarding No. of grains/spike, twelve crosses showed highly significant positive heterosis relative to mid parent and ranged from 7.71% for T 1 x L 13 to 23.61% for T 3 x L 11 , while, none of the crosses showed significant positive hetoresis relative to better parent.
For 1000 grain weight the results showed that fifteen crosses out of forty five were significant positive heterosis relative to mid parent and ranged from 3.66% for T 1 x L 7 to 13.68 % for T 1 x L 8, while six crosses exhibited highly significant positive heterosis relative to better parent.
With respect to grain yield/plant, sixteen cross combinations expressed highly significant positive heterosis relative to mid-parent. While eleven crosses exhibited significant positive relative to better-parent. The cross T 3 x L 11 gave the highest value of heterotic effects comparative to mid-parent (75.80%) and better-parent (43.33%). These results were coincident with these reported by Abd El-Aty and Katta (2002), Nour et al (2011) , Kumar et al. (2015) , Tabassum and Parasad (2017) and Rajput and Kandalkar (2018) .
Genetic components
The knowledge of gene action helps in the selection of parents for usage in the hybridization programs and in the choice of appropriate breeding procedure for the genetic improvement quantitative traits.
The estimates of genetic parameters and dominance degree ratio were calculated, for all the studied traits as presented in table (8). Recorded results showed that the non-additive genetic variance was larger than the additive genetic variance for the studied characters, indicating importance of non-additive genetic variance in the inheritance of these traits. The GCA variance were lower than SCA variance in terms in contrast to Titan et al (2012) . They observed that SCA variance were lower than GCA variance. Also, Sharma et al (2006) noticed that gca variance was of greater importance than sca variance for some traits. The difference in the results reported by investigators may be attributed to alterations of parental materials used hybridization and to G × E.
The ratio GCA/SCA varies depending on the allele frequencies between parental populations (Reif et al., 2007; Longin et al., 2013) . The lines selected from different gene pools had favorable GCA/SCA ratio because of their high GCA (ĝi) (Labate et al.,1997) . The low ratios of GCA/SCA, Ơ 2 A/Ơ 2 D and low narrow sense heritability supported the involvement of non-additive effects with predominance of non-additive type of gene actions (Table 5 ). Lines and the interaction of line × testers contributed more to variation of the expression of studied traits.
Ratio of GCA/SCA variances were found to be lower than unity for all the studied traits, Similar values were obtained for the average degree of dominance Ơ 2 A/Ơ 2 D, indicating the presence of partial dominance. Similar results were in accordance with these of Abd-Elaty (2000) , Abd-Elaty and Katta (2002) and Nour et al. (2011) .
The results of heritability in bread and narrow senses are presented in Table (7) . Heritability values in brood sense were larger than the corresponding values of narrow sense for all the studied traits. The highest value for brood sense was observed for grain yield/plant (85.93%), while the lowest value was 21.40% for plant height, while for narrow sense heritability, it ranged from 3.96 to 62.59 for grains numbers/spike and number of days to heading, respectively. Results indicated that Ơ2GCA/Ơ2SCA portion was lower than one and (Ơ2A/Ơ2D) portion, indicating that nonadditive genetic effects are controlling the inheritance of studied traits whereas dominancy degree, lower than one (Table 7) . It was understood that selection for the traits inherited with this manner should be performed in the further generations like F4 or F5.Non-additive gene action was importance for the plant height, spike length, no. of fertile tillers, thousand kernel weight and kernel yield, Fellahi et al (2013) . They optional that selection of superior plants would be postponed to later generations due to preponderance of non-additive type of gene actions for studied characters. Results of predominance of non-additive gene action for all studied traits were similar with the results showed by Verma et al (2007) for barley. The efficiency of the selection is related with the size of narrow sense heritability in the segregating populations. The heritability degrees were very low for the studied traits ( Table 7 ). Indicating that the additive variance is very low in this population and the selection must be applied in the further generations. These findings proved that in the present study, both non-aditive and additive components are important expression of the studied traits. Similar results were previously reported by Khalifa et al (1998) Proportional contribution of lines, testers and their interaction to the total variance. The relative contribution lines, testers and line x testers for all the studied traits are presented inTable 6.The results indicated that the lines had higher contribution to the total variance than both testers and lines x testers for all the studied traits. However the line x testers contribution were higher than the testers for all the studied traits except days to heading this explain why F 1 hybrid was superior for these traits than their parents.
